Moringa oleifera leaf extract has a potential effect as a growth enhancer of many crops. An experiment was conducted at the Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh, Bangladesh to evaluate the effect of foliar application of moringa leaf extract on growth and yield of late sown wheat (BARI Gom-26). The experiment was laid out in a randomized complete block design with six treatments and three replications. The treatments were T 1 (Control), T 2 [moringa leaf extract (MLE) sprayed only at tillering stage], T 3 (MLE sprayed at tillering and jointing stages), T 4 (MLE sprayed at tillering, jointing and booting stages), T 5 (MLE sprayed at tillering, jointing, booting and heading stages), and T 6 (MLE sprayed only at heading stage). Application of moringa leaf extract significantly increased the growth and yield attributes as well as grain and straw yield of wheat. Among various treatments with moringa leaf extract the performance of T 4 (MLE sprayed at tillering, jointing and booting stages) was the best as it produced the tallest plant (87.87 cm), the highest fresh and dry weight of root (16.51 g and 11.37 g respectively), the highest number of spikelets spike -1 (19.70) and filled grains spike -1 (45.53), as well as the highest grain and straw yield (3.62 t ha -1 and 5.43 t ha -1 respectively) of wheat. Therefore, moringa leaf extract as a foliar spray can be applied at critical growth stages to increase the growth and yield potentiality of late sown wheat.
Introduction
is an important vegetable in many tropical and sub-tropical countries including Bangladesh. In Bangladesh, Moringa oleifera Lam is an important homestead species which is grown sporadically through the roadside of the northwestern region. Several researchers have indicated that moringa is a highly valued plant with multipurpose effects (Yang et al., 2006; Anwar et al., 2007; Adebayo et al., 2011; Moyo et al., 2011; Mishra et al., 2011) . Moringa leaf extract (MLE) contains a miracle substance called zeatin that serves as a natural plant growth hormone along with other micronutrients that are involved in various vital plant physiological processes. It is also known to have sufficient concentration of cytokinin and gibberellic acid that are vital phytohormones, in addition to other growth-enhancing compounds such as ascorbates, phenolics, and minerals (Makkar et al., 2007) . There have been earlier reports by Fuglie (2000) that the leaf extract of M. oleifera can accelerate growth of young plants, strengthen plants, improve resistance to pests and diseases, increase leaf duration, increase number of roots, produce more and larger fruits and generally increase yield by 20 and 35%. MLE application can maintain optimum tissue water status and membrane stabilities, enhance antioxidant levels and activate plant defense system, increase levels of plant secondary metabolites leading to vigorous seedling growth and maximizing the crop performance (Yasmeen et al., 2012 (Yasmeen et al., , 2013 Howladar, 2014; Rady et al., 2015) . Wheat (Triticum aestivum L.) is one of the leading cereal crops grown around the world in diverse environments. It is the second most important cereal crop in Bangladesh which has great importance in human nutrition and industrial uses. The total area and production of wheat in Bangladesh are about 4,29,607 ha and 13,02,998 metric tons, respectively (BBS, 2014) . The average yield of wheat in this country is quite low as compared to that of other wheat growing countries of Asia like China, India, Pakistan, etc. As Bangladesh is a densely populated country, the food demand has been increasing day by day due to high population growth. In Bangladesh, wheat can be a good supplement of rice and it might play a vital role in the national economy. But wheat production is very sensitive to environmental conditions and managerial practices. Wheat is a temperature-sensitive crop and high temperature decreases its yield through physiological disorders. Late sowing is considered as a problem for low yield of wheat in Bangladesh. In late sown wheat, all the growth stages, such as tillering, flowering, and grain filling, are adversely affected by the shortened growing period. It is necessary to improve wheat production through proper fertilization and management practices. The dependency on the use of inorganic fertilizers as a source of plant nutrients by farmers and their high cost is associated with land and soil degradation and environmental pollution (Phiri, 2010) . Thus, there is continuous need to search for alternative safe natural sources of plant nutrients. Today farmers are well aware about the application of organic fertilizer to improve their crop production as well as farming land.cc In order to fill the demand of organic fertilizer, one of such option is use of MLE as fertilizer. MLE is one of such alternative, being investigated to ascertain its effect on growth and yield of crops and thus can be promoted among farmers as a possible supplement or substitute to inorganic fertilizers (Phiri, 2010) . If MLE can increase the growth and yield of late sown wheat, then the potential benefit to the smallholder farmers in Bangladesh would be great because moringa is locally available. Furthermore, MLE is low-cost and environment-friendly. Although various parts of M. oleifera plant extracts are known to possess diverse medicinal and biological activity on human and animals, little is known scientifically about its effect as a bio-organic fertilizer on field crops. Therefore, the present study was undertaken to investigate the effect of MLE on growth and development of late sown wheat and to determine its effect on yield and yield components of the crop.
Materials and Methods

Experimental site and soil
The experiment was carried out at the Soil Science Field Laboratory of Bangladesh Agricultural University, Mymensingh during rabi season of 2015. The soil of the experimental site belongs to Sonatala series under the AEZ-9 (Old Brahmaputra Floodplain). The soil had silt loam texture, pH 6.31, organic matter content 1.15%, total N 0.11%, available P 10.98 ppm, exchangeable K 0.25 me% and available S 9.78 ppm.
Treatments
The experiment was laid out in a Randomized Complete Block Design (RCBD) with six treatments and three replications. The treatments were T 1 (Control), T 2 (MLE sprayed only at tillering stage), T 3 (MLE sprayed at tillering and jointing stages), T 4 (MLE sprayed at tillering, jointing and booting stages), T 5 (MLE sprayed at tillering, jointing, booting and heading stages), and T 6 (MLE sprayed only at heading stage).
Seed sowing
BARI Gom-26, a modern variety of wheat was used as a test crop in this experiment. Seeds were sown @ 125 kg ha -1 in lines and were covered with soil by hand. The line to line distance was 25 cm. A strip of wheat crop was established around the experimental field as border crop.
Collection of moringa leaves and preparation of MLE
Young leaves of moringa were harvested from young full grown trees located at different places of the Bangladesh Agricultural University campus, Mymensingh. For preparation of MLE, young leaves of about 100g were taken into a mortar with a pinch of water (10 ml/ 100 g fresh material) and ground with a pestle. The juice was extracted by hand pressure and was filtered through the cheese cloth. The solution was re-filtered using No.2 Whatman filter paper. Following the method developed by Fuglie (2000) , the extract was diluted with distilled water at a ratio of 1:32 (v/v) and then sprayed directly onto the wheat plants. The MLE was used within five hours from cutting and extracting. The prepared extract was stored at 0ºC temperature in a refrigerator and only taken out when needed for use.
Fertilizer application
The full amount of triple super phosphate (TSP), muriate of potash (MoP), gypsum, zinc oxide, and boric acid were applied as the sources of P, K, S, Zn and B at the time of final land preparation. The rates of P, K, S, Zn and B were 20, 60, 10, 3, and 2 kg ha -1 , respectively. The recommended rate of nitrogen was 100 kg ha -1 as per Fertilizer Recommendation Guide (BARC, 2005) . To supply nitrogen, urea was applied in three equal splits. The one-third dose of urea and full dose of all other fertilizers were applied as basal to all the plots during final land preparation. The rest two thirds of urea were applied at 30 DAS (days after sowing) during crown root stage and at 56 DAS during booting stage of the crop.
Application of MLE in the field
An amount of 25 mL (application rate) of the MLE was applied per plant in the field. Hand sprayers were used to spray the extract. Control plots for T 1 treatment were remained unsprayed. The plots for T 2 , T 3 , T 4 , T 5 and T 6 treatments were sprayed with MLE at different growth stages of the crop according to the treatments. Special attention was given for complete coverage of plants with spray materials.
Intercultural operations
Irrigation was provided at 25 and 55 DAS while the other intercultural operations such as weeding and insecticide spraying were done whenever required.
Harvesting and collecting data
The crop was harvested at full maturity. The grain yield was obtained on 14% moisture basis while the straw yield was recorded on sun dry basis. Five hills were selected randomly from each plot and data on growth and yield components including plant height, root length, fresh and dry weight of root, spike length, number of spikelets spike -1
, number of grains spike -1 and 1000-grain weight were recorded.
Statistical analysis
The collected data were analyzed statistically by F-test to examine the treatment effects and the mean differences were adjudged by Duncan's New Multiple Range Test (Gomez and Gomez, 1984) .
Results and Discussion
Effect of moringa leaf extract on growth components of late sown wheat (BARI Gom-26)
Application of moringa leaf extract had significant effects on the growth parameters of late sown wheat viz. plant height, fresh and dry weight of root plant -1 while the root length remained significantly unaffected (Table  1) . The highest values for plant height (87.87 cm), root length (15.96 cm), fresh weight of root (16.51 g) and dry weight of root plant -1 (11.37 g) were recorded from treatment T 4 where moringa extract was sprayed at tillering, jointing and booting stages. The lowest values for plant height (79.80 cm), root length (12.07 cm), fresh weight of root (9.04 g) and dry weight of root (5.88 g) were obtained from control treatment (T 1 ) where no moringa leaf extract was applied. All the growth parameters were increased with the increase of the frequency of moringa leaf extract application at critical vegetative growth stages. Our results are in agreement with those of Abbas et al. (2013) and Ali et al. (2011) who suggested increased plant height and improved fresh and dry weight of wheat root by applying moringa leaf extract compared to control. Previously Foidle (2001) revealed that spraying of moringa leaf extract to many field crops can strengthen plants, promote the vegetative growth and increase the weight of root. Figures in a column having common letter(s) do not differ significantly. CV = Co-efficient of variation SE = Standard error of means Treatment details: T 1 = Control (foliar spray with water), T 2 = MLE sprayed only at tillering stage, T 3 = MLE sprayed at tillering and jointing stages, T 4 = MLE sprayed at tillering, jointing and booting stages, T 5 = MLE sprayed at tillering, jointing, booting and heading stages, T 6 = MLE sprayed only at heading stage.
Effect of moringa leaf extract on yield components of wheat
Yield components of wheat including number of spikelets spike -1 , number of filled grains spike -1 and number of unfilled grains spike -1 were significantly affected by different treatments while the spike length and 1000-grain weight remained significantly unaffected (Table 2) . Similar with the results for growth parameters, the yield components of wheat improved with the frequency of applying moringa leaf extract. The performance of treatment T 4 (MLE sprayed at tillering, jointing and booting stages) was the best as it produced the highest number of spikelets spike -1 (19.70), number of filled grains spike -1 (45.53), highest spike length (12.92 cm) and 1000-grain weight (40.02 g). For all the yield components, the performance of the control treatment (T 1 ) was poor. Chattha et al. (2015) , and Yasmeen et al. (2013 Yasmeen et al. ( , 2012 ) also found the increased grain weight plant -1 due to application of moringa leaf extract. Figures in a column having common letter(s) do not differ significantly. CV = Co-efficient of variation SE = Standard error of means Treatment details: T 1 = Control (foliar spray with water), T 2 = MLE sprayed only at tillering stage, T 3 = MLE sprayed at tillering and jointing stages, T 4 = MLE sprayed at tillering, jointing and booting stages, T 5 = MLE sprayed at tillering, jointing, booting and heading stages, T 6 = MLE sprayed only at heading stage.
Effect of moringa leaf extract on yield of BARI Gom-26
The result of this study reveals that grain yield as well as straw yield of wheat was significantly influenced due to application of moringa leaf extract (Table 3 ). The grain yield ranged from 2.26 to 3.62 t ha -1 whereas the straw yield ranged from 3.92 to 5.43 t ha -1 . For both grain and straw yields, the maximum values were observed in treatment T 4 (MLE sprayed at tillering, jointing and booting stages) and the minimum values were found in control treatment (T 1 ). The highest values for grain and straw yields as found in T 4 were statistically similar to the yields obtained in T 5 (MLE sprayed at tillering, jointing, booting and heading stages). For grain yield as well as straw yield, different treatments may be ranked in the order of T 4 >T 5 >T 6 >T 3 >T 2 >T 1 . Furthermore, the percent increase in yield of wheat over control due to different treatments ranged from 19.08 to 38.16 for grain and 17.86 to 38.52 for straw. For both grain and straw yield, treatments T 4 and T 2 gave the highest and the lowest yield increase over control, respectively. These findings corroborate with the results of Mathew (2016), Culver et al. (2013) and Yasmeen et al. (2012) who obtained better crop yields by applying moringa leaf extract. Moreover, Afzal et al. (2015) suggested that 3% moringa leaf juice applied as a foliar spray at critical growth stages (tillering and booting stages) has the potential to increase the grain yield of late-sown wheat. Recently Ahmad et al. (2016) stated that 3% moringa leaf extract (MLE) significantly enhanced the yield through improvement of crop growth. The improvement in growth and yield of crop at foliar application of MLE might be due to the presence of growth promoting substances as well as nutrient elements in moringa as suggested by many reseachers (Siddhuraju and Becker, 2003; Anwar et al., 2007; Jacob and Shenbagaraman 2011; Abdalla 2013) . Treatment details: T 1 = Control (foliar spray with water), T 2 = MLE sprayed only at tillering stage, T 3 = MLE sprayed at tillering and jointing stages, T 4 = MLE sprayed at tillering, jointing and booting stages, T 5 = MLE sprayed at tillering, jointing, booting and heading stages, T 6 = MLE sprayed only at heading stage
Correlation between grain yield and plant parameters
Grain yield is a complex character that resulted from the interaction of many plant growth parameters and yield contributing characters like plant height, root length, number of spikelets spike -1 , number of filled and unfilled grains spike -1 , spike length, and 1000-grain weight. In order to observe the interrelationship among the plant characters studied, a correlation matrix was done. The correlation matrix between grain yield and growth characters of wheat are summarized in (Table 4) . Plant height was significantly correlated with grain yield (r = 0.504*) and root length (r=0.566*). Root length was significantly correlated with plant height (r = 0.566*). Fresh weight of root was significantly correlated with grain yield (r = 0.529*) and dry weight of root (r =0.850**). Again, Table 5 indicates the correlation matrix between grain yield and yield parameters of wheat. The spike length was significantly correlated with number of spikelets spike -1 (r =0.518*) and 1000-grain weight (r =0.541*). The number of spikelets spike -1 was significantly correlated with grain yield (r =0.756**), number of filled grains spike -1 (r = 0.844**) and 1000-grain weight (r =0.618**). The number of filled grains spike -1 was significantly correlated with number of spikelets spike -1 (r =0.844**), 1000-grain weight (r =0.687**) and grain yield (r=0.665**). The 1000-grain weight was significantly correlated with spike length (r =0.541*), number of spikelets spike -1 (r =0.618**) and number of filled grains spike -1 (r =0.687**). The overall correlation matrix indicated that grain yield was positively correlated with the plant height (r =0.504*), number of spikelets spike -1 (r =0.765**), number of filled grains spike -1 (r =0.665**), fresh weight of root (r =0.529*) and dry weight of root (r =0.548*). 
Conclusions
The present study suggests that the use of moringa leaf extract as a foliar spray on wheat had significant positive effects on growth parameters such as plant height, and fresh and dry weight of root and it significantly improved various yield components viz. number of spikelets spike -1 and filled grains spike -1 . Moringa leaf extract showed a potential in increasing grain and straw yield of wheat under field condition and the highest frequency of moringa application during critical growth stages of crop (T 4 ) gave the highest yield. This study suggests the application of MLE at critical growth stages for better growth and yield of performance of wheat when sown late in soil under AEZ 9 (Old Brahmaputra Floodplain) in Bangladesh. However, more research is required to elucidate the novel effect of MLE and moringa plant for development of sustainable agriculture in Bangladesh.
